The concentrations of platelet-activating factor (PAF) that possesses the ability to stimulate myometrial contraction are partially regulated by intracellular type of platelet-activating factor acetylhydrolase (PAF-AH) in many tissues. Tissue cytosol contains at least two intracellular PAF-AH, isoforms I and II. To examine the relationship between the activity and isoforms of intracellular PAF-AH in human uterine myometrium and myoma, we assayed the PAF-AH activity and identified the PAF-AH isoforms I and II by Western blot analysis. The intense bands of the ␣2 and ␤ subunits of PAF-AH isoform I were detected in nonpregnant uterus; however, the specific bands of the ␣1 subunit of PAF-AH isoform I and the PAF-AH isoform II were extremely weak. The levels of the ␣2 and ␤ subunits and PAF-AH activity in pregnant uterus (37-39 wk gestation) were significantly lower than those in nonpregnant uterus. On the other hand, the level of ␤ subunit and the PAF-AH activity in myoma were significantly higher than those in nonpregnant uterus. No significant difference was found in the expression of the PAF-AH isoform II among three tissues. These results indicate that the change in the PAF-AH activity observed in pregnant uterus and myoma are due to the lower or higher protein expression of the PAF-AH isoform I, especially the ␣2 and/or ␤ subunits. The decrease of the uterine PAF-AH activity in the late stage of pregnancy may facilitate the action of PAF to stimulate myometrial contraction.
INTRODUCTION
Platelet-activating factor (PAF) was discovered as a chemical mediator released from sensitized basophils [1] . Its structure was elucidated as 1-O-alkyl-2-acetyl-sn-glycero-3-phosphocholine [2, 3] . Subsequent studies have demonstrated that PAF is produced upon appropriate stimulation by a variety of human cells, including neutrophils, eosinophils, monocytes, and endothelial cells, and that PAF is related to allergy and inflammation [4, 5] . Platelet-activating factor is also found in the normal brain [6] , stomach [7] , kidney [8] , and uterus [9] , in which it may play a physiological role. Platelet-activating factor is considered to be 1 This work was supported in part by grants from the Japan Smoking Research Foundation and grants in Aid for Scientific Research (no. 10671577) from the Ministry of Education, Science, and Culture of Japan. involved in a variety of reproductive processes, including fertilization [10] , implantation [11] , and parturition [12] . The role of PAF in parturition is not fully defined, but it is well documented that PAF induces myometrial contraction [13] and promotes the synthesis of prostaglandin E 2 [14] . Furthermore, we recently reported that concentrations of uterine PAF increased in pregnant rats during the late stages of pregnancy [15] .
Platelet-activating factor is inactivated by a specific enzyme, PAF acetylhydrolase (PAF-AH) that removes the acetyl moiety at the sn-2 position of the glycerol backbone [16] . Platelet-activating factor-AH is classified into plasma (extracellular) and tissue (intracellular) types. Plasma type is a 43-kDa monomeric enzyme that abolishes the inflammatory effects of PAF on leukocytes and vasculature, indicating that it is involved in maintaining plasma PAF at certain levels [17] . Recently, purifying and cloning of intracellular PAF-AH was successful. Tissue cytosol contains at least two types of intracellular PAF-AH, isoforms I and II [18] . Isoform II is a 40-kDa monomer, and the amino acid sequence exhibits 41% identity with that of plasmatype PAF-AH [17, 19, 20] . On the other hand, isoform I is classified as isoforms Ia and Ib. Isoform Ia is a heterodimeric enzyme composed of ␣1 and ␣2 subunits, and isoform Ib is a heterotrimeric enzyme consisting of ␣1, ␣2, and ␤ subunits [18] . Complementary DNAs for ␣1, ␣2, and ␤ subunits have been cloned from cow [21, 22] , human [23, 24] , mouse [25] , and rat [26] . The homology of the amino acid sequences of each subunit was extremely high among the above mammalian species. The sequence identities of the ␣1 subunit are lower than those of the ␣2 and ␤ subunits but are more than 95% among these four species. The expression of the ␣1 subunit in rat tissues is fairly low, except the brain and the ␣2 subunit were not detected in skeletal muscle and heart [26] . The ␣1 subunit and ␣2 subunit are 29 kDa and 30 kDa on SDS-PAGE, respectively, and these subunits show about 60% amino acid homology with each other, and both subunits have a catalytic site [21, 22] . The ␤ subunit (45 kDa), which does not possess enzymatic activity and is considered to have a regulatory site, belongs to the family of WD 40 repeat-containing polypeptides that are typically found as subunits of multimeric protein complexes and may mediate protein-protein interactions. The ␤ subunit has been identified as a product of the LIS-1 gene, causative gene for Miller-Dieker lissencephaly, which is a brain malformation manifested by a smooth cerebral surface and abnormal neuronal migration [27] . As mentioned before, we found that the activity of intracellular PAF-AH in rat uterine myometrium decreased and the level of PAF increased in later stages of pregnancy [15] . It suggested that the concentrations of PAF to induce the myometrial contraction were, in part, regulated by in- tracellular PAF-AH. In this study, we have examined the relationship between the activity and protein expression in intracellular PAF-AH isoforms that inactivates PAF to possess the ability to stimulate uterine contraction in nonpregnant and pregnant myometrium. Additionally, we have evaluated PAF-AH activity and PAF-AH isoforms in abnormal myometrial tissues, myomas.
MATERIALS AND METHODS

Chemicals
All electrophoretic reagents were of the highest grade available and were obtained from Bio-Rad Laboratories, 
Selection of Patients and Tissue Collection
Tissue samples were obtained from the patients undergoing myomectomy, hysterectomy, and elective cesarean section. This study was approved by the university ethics committee. Written informed consent was obtained from each patient. Pregnant women (22-31 yr of age) underwent elective lower segment cesarean section for previous cesarean section or breech presentation at 37-39 wk gestation. Regular uterine contractions were not recognized by external monitoring, and they did not complain about onset of labor before the operation. Additionally, they did not receive any drugs that influence uterine contractile ability, such as indomethacin or ␤2 adrenoceptor stimulants. Routine cesarean section was carried out under epidural anesthesia or spinal anesthesia. After delivery of the infant and placenta, a 1-to 2-cm sample of myometrium was taken from the upper margin of the lower uterine segment incision using tissue forceps and scissors. Nonpregnant women (34-50 yr of age) underwent total abdominal hysterectomy for endometriosis, myoma, cervical cancer (early stage), endometrial cancer, and ovarian tumor, and the myometrium was taken at the junction of inner cervical os and uterine corpus. In addition, a sample of myoma was obtained from nonpregnant women (30-50 yr of age) undergoing hysterectomy or myomectomy, and the pathologic findings revealed leiomyoma. All samples were snap-frozen in liquid nitrogen and stored at Ϫ80ЊC until homogenizing.
Preparation of Tissue Homogenates
All procedures were performed at 4ЊC. The uterine myometrium and the myoma (0.5-2 g, respectively) were homogenized in 6 vol of 0.25 M sucrose containing 10 mM Tris-HCl (pH 7.4) with a PT-K/PCU-11 Polytron (Littau, Luzen, Switzerland) homogenizer. This homogenate was centrifuged at 600 ϫ g for 10 min to remove tissue debris, 18 000 ϫ g for 15 min to separate the mitochondrial fraction, and then at 105 000 ϫ g for 60 min to separate microsome fraction. The cytosolic fraction obtained was employed as the source of tissue (intracellular) PAF-AH. The protein concentration was determined by the method of Lowry et al. [28] .
Western Blot Analysis of Intracellular PAF-AH
Proteins (40 g) of the cytosolic fraction from tissue homogenates were solubilized in sample buffer (125 mM Tris-HCl buffer, pH 6.8, containing 5% glycerol, 2% SDS, and 1% 2-mercaptoethanol). In this study, cytosolic fractions of rat fetal brain (21 days of pregnancy) and rat adult kidney (10 wk of age) were employed as a positive control. Sodium dodecylsulfate-PAGE was carried out on a 12.5% polyacrylamide gel for 60-70 min at 30 mA and then electrotransferred onto a polyvinylidenedifluoride (PVDF; BioRad, Hercules, CA) at 15 V for 2 h. The PVDF blots were blocked with blocking buffer (10 mM Tris-HCl buffer, pH 7.4 containing 100 mM NaCl, 0.1% Triton X-100, and 5% skim milk) for 60 min at room temperature. Antibodies against the subunits of PAF-AH isoform I were prepared as reported previously [29] . Antibody against the PAF-AH isoform II was prepared as follows: Balb/c mice were immunized with recombinant human PAF-AH II protein [20] , and monoclonal antibodies were produced using the PAI myeloma cell line. One monoclonal antibody producing a hybridoma cell line (clone 10, mouse IgG 1 ) was established. The monoclonal antibody (clone 10) reacts with recombinant PAF-AH isoform II proteins from human, pig, rat, and mouse by Western blot analysis (data not shown). Rabbit polyclonal antibody against the ␣1 subunit of PAF AH isoform I was used at a 1:600 dilution in the above bocking buffer. Rabbit polyclonal antibody against the ␣2 subunit of PAF AH isoform I was used at a 1:300 dilution. Mouse monoclonal antibody against the ␤ subunit of PAF-AH isoform I was used at a 1:1000 dilution. The clone culture supernatant including mouse monoclonal antibody against PAF-AH isoform II was used at a 1:2 dilution. The PVDF blots were incubated overnight at 4ЊC with the indicated antibodies and then washed with a wash solution (10 mM Tris-HCl buffer, pH 7.4 containing 0.1% Triton-X and 100 mM NaCl). The PVDF blots were then incubated with horseradish peroxidase-conjugated secondary antibodies in the wash solution for 1 h and washed with the wash solution; the color was developed using an ECL coloring kit (Amersham, Pharmacia Biotech, Buckinghamshire, UK). The intensities on immunoreactive staining were measured using a scanning densitometer (Advantec Digital Densitirol DMU-33C, Tokyo, Japan).
Platelet-Activating Factor-AH Assay
The activity of PAF-AH in the cytosolic fraction was assayed according to the method of Miwa et al. [30] with minor modifications. Approximately 200-300 g protein was employed in each PAF-AH assay. Briefly, the assay mixture contained Tris-HCl (30 mM, pH 7.4), BSA (1.2 mg/ml), PAF (0.05 mM, 4 Ci/mol), and cytosol fraction. The final volume was 0.5 ml. The assay mixture was incubated for 30 min at 37ЊC. The reaction was terminated by the addition of 0.5 ml of 14% trichloroacetic acid. The mixture was centrifuged for 10 min at 4ЊC (600 ϫ g), and 
Statistical Analysis
Results are expressed as the means Ϯ SEM. Statistical significance was analyzed by one-way ANOVA and posthoc t-test with StatView 4.5 (Abacus Concepts, Berkeley, CA), and P Ͻ 0.05 was considered to be statistically significant.
RESULTS
Western Blot Analysis
Western blot images described in Figure 1 are representative of the results obtained from each of the specific antibodies used in this investigation. As positive controls, immunoblotting with the specific antibodies against ␣1, ␣2, and ␤ subunits of PAF-AH isoform I detected intense bands at 29, 30, and 45 kDa, respectively, in rat fetal brain (Fig.  1, A, B , and C, lane 7) as described previously [29] . Similar bands were also detected in rat adult kidney except for a negligible band at 29 kDa, corresponding to the ␣1 subunit of PAF-AH isoform I. Instead, we found two molecular masses between 20-25 kDa (Fig. 1A, lane 8) that may represent another isoform or result from proteolytic break down. The specific band of ␣1 subunit was extremely weak in human nonpregnant uterine myometrium (Fig. 1A, lanes  1-3) , pregnant uterine myometrium (Fig. 1A, lanes 4-6) , and myoma (Fig. 1A, lanes 9-11) compared with that observed in rat fetal brain as positive control (Fig. 1A, lane  7) . The relative intensity could not be evaluated because the specific band of the ␣1 subunit in three tissues was too weak to measure the density.
The specific band of ␣2 subunit detected in nonpregnant uterine myometrium (Fig. 1B, lanes 1-3) was markedly reduced in pregnant uterine myometriun (Fig. 1B, lanes 4-6) . Quantification by scanning densitometry of the ␣2 subunit of PAF-AH isoform I are represented graphically (Fig.  2) . The relative intensity of the ␣2 subunit protein at 30 kDa in pregnant uterine myometrium significantly decreased compared with that in nonpregnant uterine myometrium (0.245 Ϯ 0.055 vs. 1.024 Ϯ 0.055, P Ͻ 0.01). However, no significant difference was found between nonpregnant uterine myometrium and myoma.
The specific ␤ subunit band was also detected in human nonpregnant uterine myometrium (Fig. 1C, lanes 1-3) . As shown in Figure 3 , quantification analysis revealed that the ␤ subunit protein at 45 kDa was significantly decreased in pregnant uterine myometrium compared with that in nonpregnant uterine myometrium (0.575 Ϯ 0.054 vs. 1.00 Ϯ 0.068, P Ͻ 0.01). On the other hand, the relative intensity of the ␤ subunit protein in myoma was significantly higher than that in the nonpregnant uterine myometrium (1.297 Ϯ 0.093 vs. 1.00 Ϯ 0.068, P Ͻ 0.05).
Immunoblotting with the specific antibody against of PAF-AH isoform II detected a distinct band at 40 kDa in rat fetal brain and adult kidney (Fig. 4, lanes 7 and 8, respectively) . However, the specific band of PAF-AH isoform II was weak in human nonpregnant uterine myometriun (lanes 1-3) , pregnant uterine myometrium (lanes 4-6), and myoma (lanes 9-11) compared with that in rat fetal brain and adult kidney. And quantification by scanning densitometry did not reveal significant differences among those tissues (Fig. 5) .
Platelet-Activating Factor-AH Activity
The activity of PAF-AH in the cytosolic fraction obtained from nonpregnant uterine myometrium was 110 Ϯ 8 pmol/min/mg protein (mean Ϯ SEM, n ϭ 14). As shown in Figure 6 , the enzyme activity in pregnant uterine myometriun was 73 Ϯ 8 pmol/min/mg protein (n ϭ 15) and was significantly lower than that in nonpregnant uterine myometrium (P Ͻ 0.05). In contrast, PAF-AH activity in myoma (221 Ϯ 23 pmol/min/mg protein, nϭ11) was two times higher than that in nonpregnant uterine myometrium (P Ͻ 0.01).
DISCUSSION
Previously, we reported that PAF existed in rat nonpregnant uterus by using a platelet aggregation assay and gas chromatography-mass spectrometry [9] . Subsquently, PAF was found in rabbit, mouse, and human uterus. A role for PAF in parturition was first suggested by the findings that this autacoid increased in the amniotic fluid of women in labor compared to women at a similar gestation age not in labor [31] . Exogenous PAF stimulated the contraction of myometrial strips in human [13] and rat. Additionally, the sensitivity of rat myometrial strips to PAF dramatically increased during the late stages of pregnancy [32] . Plateletactivating factor also stimulates the synthesis of prostaglandin [14] and cytokine production [33, 34] , and the prostaglandin and cytokine produced in the feto-maternal compartment also stimulate myometrial contractions and induce labor or preterm labor [35] .
The concentrations of PAF in tissues or plasma are governed by the equilibrium between its biosynthesis and degradation. The net synthesis of PAF occurs via the de novo pathway. The remodeling pathway, on the other hand, plays a role in the acute inflammatory process [36, 37] . In the degradation, biologically active PAF is converted to the biologically inactive lyso-PAF by PAF-AH. Several distinct isozymes of PAF-AH exist [38] . Subsequent studies have demonstrated that the cytosol fraction contains at least two types of intracellular PAF-AH, isoforms I and II, and that PAF-AH isoform I consists of three subunits, ␣1, ␣2, and ␤. The ␣1 and ␣2 subunits are considered to have a catalytic site and the ␤ subunit to have a regulatory site.
In this study, we first reported the protein expression of the subunits of the PAF-AH isoform I in human nonpregnant and pregnant uterine myometrium and myoma. The intense bands of the ␣2 and ␤ subunits of isoform I were detected in nonpregnant uterine myometrium, whereas the specific band of the ␣1 subunit of isoform I was extremely weak compared with that observed in rat fetal brain as a positive control (Fig. 1, A-C, lanes 1-3) . These results suggest that the expression of the ␣1 subunit of isoform I is fairly low in human uterine myometrium and that isoform I in human uterine myometrium is an enzyme composed of ␣2 and ␤ subunits. As shown in Figures 2 and 3 , the relative intensity of the ␣2 and ␤ subunits significantly decreased in pregnant uterine myometrium compared to the nonpregnant one. In contrast, the relative intensity of the ␤ subunit significantly increased in myoma compared to nonpregnant uterine myometrium, although the ␣2 subunit did not increase significantly. In support of this observation, we also found that human pregnant uterus had lower levels of PAF-AH activity than nonpregnant ones and myoma had higher levels of PAF-AH activity than nonpregnant ones, respectively (Fig. 6) . However, the decrease in PAF-AH activity in pregnant uterine myometrium was less than the observed change in Western blot analysis. Platelet-activating factor-AH activity decreased by 25% compared with that in nonpregnant uterine myometrium, and the ␣2 and ␤ subunits of PAF-AH isoform I decreased by 75% and 40%, respectively. This discrepancy may be due to the contamination of extracellular PAF-AH (plasma type) in the enzyme assay. Because the extracellular PAF-AH could not be removed completely from the cytosolic fraction obtained from tissue samples, all cytosolic fractions were contaminated with extracellular PAF-AH. In our samples, compared with nonpregnant uterine myometrium, pregnant uterine myometrium contained a lot of blood. On the other hand, the increase in PAF-AH activity in myoma was greater than the observed change in Western blot analysis. Platelet-activating factor-AH activity increased 2-fold over that observed in nonpregnant uterine myometrium, and the ␤ subunit of PAF-AH isoform I increased 1.3-fold. Compared with nonpregnant uterine myometrium, myoma contained lesser blood in our samples. Therefore, it is difficult to explain that the discrepancy is due to the contamination of extracellular PAF-AH in myoma. However, unknown isoforms of intracellular PAF-AH may exist in myoma or the abnormality in the catalytic site that influences the enzyme assay system may be occurring in PAF-AH isoforms I and II, though Western blot analysis did not reveal abnormal bands.
Our results suggest that the decrease of PAF-AH activity in pregnant uterine myometrium in late stages of pregnancy is due to the lower protein expression of ␣2 and ␤ subunits of PAF-AH isoform I. The decrease of PAF-AH activity may facilitate the action of PAF to induce myometrial contractions and then cause preterm or term labor.
The increase of PAF-AH activity in myoma may be due to the higher protein expression of the ␤ subunit of PAF-AH isoform I. The high activity of PAF-AH may inhibit the action of PAF in myoma. However, the role of PAF and/or PAF-AH in myoma is still unknown.
